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LOCAL REGULATION OF BLOOD FLOW IN CUTANEOUS TISSUE IN 
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The Departments of Dermatology and Nuclear Medicine, Rigshospital, Copenhagen, Denmarh 
The effect of orthostatic changes in vascular trans-
mural pressure on blood flow in cutaneous tissue was 
studied in 5 normal subjects and 11 patients with the 
acrosclerotic type of generalized scleroderma. Blood 
flow was estimated on the back of the hand by the local 
133Xenon wash-out technique. After epicutaneous appli-
cation of 133Xenon, a modified initial slope technique was 
employed. In normals, a decrease in 133Xenon wash-out 
rate by 20% was observed during lowering, while in the 
patients, the 133Xenon wash-out rate increased by 19%. 
Elevation of the hand corresponding to a decrease in 
arterial perfusion pressure head of about 17% was stud-
ied in 4 patients. On average 133Xenon wash-out rate 
decreased about 17%. These findings indicate an abol-
ished "vasoconstrictor response" to an increase in ve-
nous transmural pressure and a defective autoregulation 
to changes in vascular transmural pressure in the pa-
tients. The normal edema protecting mechanisms are 
thus defective in generalized scleroderma, and blood 
flow in cutaneous tissue on the dorsum of the hand 
appears to depend mainly on arterial perfusion pressure 
head. 
The ability of tissues or organs to keep their blood flow 
essentially constant during changes in arterial perfusion pres-
sure head and/or vascular transmural pressure is known as 
autoregulation. This phenomenon has previously been·found in 
cutaneous tissue in normals, where blood flow was measured 
by the local 133Xenon wash-out technique [1]. Increase in vas-
cular transmural pressUre of 25 mm hg or more elicits a "vaso-
constrictor response" in cutaneous tissue resulting in a decrease 
in blood flow of about 35%. This "vasoconstrictor response" is 
probably due to a local sympathetic reflex mechanism, a vena-
arteriolar reflex [2]. 
In patients with generalized scleroderma (acrosclerotic type) 
autoregulation of blood flow in subcutaneous tissue was present 
whereas the "vasoconstrictor response" to increase in vascular 
transmural pressure was almost abolished [3]. This indicates 
that intrinsic vascular reactions responsible for the autoregu-
latory response is unaffected in these patients, at least in 
subcutaneous tissue. However, this might be different in cuta-
neous tissue. 
In generalized scleroderma, ultrastructural evidence of dis-
ease activity is found mainly in the deep corium [ 4], and it 
seems that most progression takes place in this zone at the cost 
ofthe subcutaneous tissue in which the fat gradually disappears 
and fibrous connective tissue supersedes [5,6]. The sclerotic 
changes seem to start with an edematous phase [6] and seem to 
progress with an intensified production of acid mucopolysac-
charides and collagen, interpreted as evidence of an unspecific 
general repair process [7]. Morphological studies of cutaneous 
microvasculature has revealed distinct abnormalities in the 
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small arteries and arterioles in which intimal proliferation, 
medial atrophy or hypertrophy and adventitial fibrosis have 
been described [6,8]. Ultrastructural observations of cutaneous 
microvessels from involved skin in generalized scleroderma 
have revealed enlargement or narrowing of the capillary lumen, 
endothelial swelling, increased number of pinocytotic vesicles 
of endothelial cells, interendothelial gaps and reduplication of 
the basal lamina [9-12]. The question as to what extent these 
morphological alterations affect local blood flow regulation 
initiated the present study. 
PATIENT POPULATION AND METHODS 
Five normal subjects used as controls (3 women and 2 men, aged 31 
to 62) and 11 patients with generalized scleroderma of the acrosclerotic 
type, symmetrically affected, were investigated. Ages of patients ranged 
from 28 to 76. History of disease ranged from 18 mo to 18 yr. The 
severity of the skin involvement of the dorsum of the hand was rated 
imperceptible or slight in 6 cases and moderate to severe in 5 cases. 
Informed consent was obtained in all cases prior to the experiments. 
Blood flow in cutaneous tissue on the dorsum of the hand was 
estimated by the local 133Xenon wash-out technique [13). The atrau-
matic epicutaneous application technique was used [14). After a labeling 
period of 2 min, 133Xenon was drawn back into the syringe, the labeling 
chamber removed and surplus of 133Xenon was blown away from the 
skin surface. Measurement of wash-out was started just after the end 
of the labeling period. The 133Xenon wash-out curve following epicu-
taneous labeling bends spontaneously due to accumulation of tracer in 
subcutaneous t issue [14). The initial part of the wash-out curve was 
used. In order to compensate for the effect of the spontaneous decrease 
in 133Xenon wash-out rate on the calculations of relative blood flow, 
the following experimental conditions were chosen. The subject was 
placed in a sitting position and a single study consisted of 3 periods of 
measurement of 133Xenon wash-out rate constants (k) on each hand. 
One hand (1) placed at reference level, jugular notch (k<,cr. I)); (2) 
lowered 40 em (k11l); and finally (3) placed at reference level (k<,cr. 21)-
The other hand lowered 40 em (k (1t)); (2) with the hand at reference 
level (k (ref.)); and (3) lowered 40 em (k (12)) . Each period of measure-
ment lasted between 1 and 2 min. 
The autoregulatory response to decrease in arterial perfusion pres-
sure head [1,3] was studied in 4 patients. The hand was elevated 20 em 
above heart level corresponding to a decrease in arterial perfusion 
pressure head of about 17%. Venous pressure remains constant dw-ing 
elevation. 
Control Experiments 
In order to test the influence of the spontaneous decrease in wash-
out rate on the calculation of relative blood flow, control experiments 
were performed in all normals and in 5 patients. Without shifts of 
position, wash-out curves were obtained from 1 hand placed at reference 
level and from the other hand placed in the lowered position. The 
curves were divided into segments of similar duration as in the test 
curves and k was computed from each segment of these curves. 
They-emission of 133Xenon was detected by a Nai (T1) scintillation 
detector and the pulses were fed into a gamma-spectrometer (Selec-
tronic) with a window set around the 81 KeV photopeak of 133Xenon. 
The activity was recorded at 10 seconds' interval. 
Calculations and statistics 
Mean perfusion coefficient, f, can be calculated from the rearranged 
Kety-formula: f = k · A · 100 rnl/100 gm · min [15], where k denotes 
the wash-out rate constant in min- 1 and A the cutaneous tissue to blood 
partition coefficient in ml/gm. For the same radioactive depot, where 
A remains constant, relative blood flow equals relative 13:1Xenon wash-
out rate. 
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Relative '""Xenon wash-out rate during lowering was calculated as 
the mean value of the values obtained on the two sides, i.e., (koJik<,.r.J 
+ k(l)/ki,er.J )/2, where k<,ef.l == (k<mr. 11 + k<,er. 21)/2 and k111 == (kn, l + 
k 0 , 1)/2. 
As arterial perfusion pressure head remains constant, relative change 
in vascular resistance during lowering can be estimated as the reciprocal 
value of the relative wash-out rate dming lowering, i.e., (k<,er.t/ko t + 
k 1,cr.1/kotl/2. It was assumed that the measming condition was approx-
imately identical on both sides, as only patients being symmetrically 
affected were studied. 
k Was computed from the logarithmically transformed radioactive 
data corrected for background activity as a function of time according 
to the "least·square method." 
Statistical tests for significance included Student's t-test for paired 
samples and the randomization test for unpaired samples. As the limit 
of significance was chosen 0.05. 
RESULTS 
Normals 
Initial wash-out rate obtained at reference level ranged from 
0.6000 to 0.4120 min- 1• Lowering the hand 40 em, corresponding 
to an increase in vascular transmural pressure of about 30 mm 
Hg caused an average decrease in relative wash-out rate of 20% 
(Fig 1). (mean relative wash-out rate 0.80, range 0.74-0.87, 
p < 0.001). This corresponds to an increase in estimated relative 
vascular resistance of ·about 30%. (Mean relative vascular re-
sistance 1.30, range 1.20-1.36, p < 0.001) . Calculating the same 
indices from the undisturbed control curves (see Methods) 
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FIG l. Mean relative 133Xenon wash-out ± 1 SE. Mean relative 
vascular resistance± SEas calculated from the mean relative 133Xenon 
wash-out rate. Values obtained during lowering the area under study. 
Open circles denote normal controls. Filled circles, scleroderma pa-
tients. Figures denote number of experiments. 
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FIG 2. 133Xenon wash-out curves at reference level and during low-
ering in a patient with generalized scleroderma. The principle of relative 
133Xenon wash-out rate calculation is illustrated. . 
gave: Mean relative 133Xenon wash-out rate 1.00, (range 
0.89-1.13, p < 0.9). The difference in mean relative 133Xenon 
wash-out rate obtained from test-curves and from control ex-
periments was significant (p < 0.02). 
Patients 
Initial wash-out rate obtained at reference level ranged be-
tween 0.0797 min- 1 and 0.8161 min- 1• Lowering the hand, 
caused an average increase in mean relative 133Xenon wash-out 
rate of 19%, p < 0.05, Fig 1 (mean relative wash-out rate 1.19, 
range 0.89-1.56) . This corresponded to an average decrease in 
estimated relative vascular resistance of 13%, p < 0.05, Fig 1 
(mean relative vascular resistance 0.87, range 0.64-1.13) . In 4 
patients, the effect of elevating the hand 20 em above heart 
level conesponding to a decrease in arterial perfusion pressure 
head of about 17% on 133Xenon wash-out was studied. During 
elevation, relative 133Xenon wash-out decreased about 17% 
(mean relative wash-out rate 0.83, range 0.75-0.99) . In 5 of the 
patients, control experiments were performed as for normals 
(see Methods). Mean relative wash-out rate computed from 
these experiments was 1.00 (range 0.97-1.04), p < 0.9. Mean 
relative wash-out rate calculated from the control experiments 
differed significantly from that obtained during lowering in 
these 5 patients (p < 0.01). 
DISCUSSION 
Initial Slope 
The initial part of the 133Xenon wash-out curve following 
epicutaneous labeling is influenced by wash-out of tracer from 
cutaneous tissue, accumulation of tracer in subcutaneous tissue 
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and wash-out of tracer from subcutaneous tissue [14]. This 
results in a spontaneous decrease in wash-out rate of tracer at 
constant blood flow in cutaneous tissue. This indicated that it 
is not possible to obtain cutaneous blood flow value quantita-
tively, whereas relative cutaneous blood flow may be inconsi-
derably affected by this error. The curves showed a tendency 
to bending during the time of measurement (Fig 2) . However, 
mean relative wash-out rate calculated from segments of the 
control curves obtained with the hand at reference level or 
lowered 40 em during the full period of measurement was 
unchanged (i.e. yielded a value near 1.00) both in normals and 
in the 5 patients, indicating that the special application of the 
method was suitable for the present purpose. 
Regulation of Blood Flow 
In contrast to the uniform decrease in blood flow during 
lowering of the hand found in normal persons, 9 of the patients 
showed an increase in blood flow. This finding indicates that 
not only was the vasoconstrictor response to increase in vascular 
transmural pressure abolished; the ability of the vessels to keep 
blood flow constant during changes in vascular transmural 
pressure (autoregulation) was defective too. This conclusion is 
further supported by the finding of a decrease in blood flow 
during elevation, corresponding to the decrease in arterial per-
fusion pressure head, in 3 of these patients contrary to the 
finding in normal subjects [1]. A decrease in blood flow during 
elevation and an increase in blood flow during lowering is a 
characteristic finding in a passive vascular bed. A normal au-
toregulatory response was found in subcutaneous tissue in 
patients with generalized scleroderma [3], which might imply 
that the vessels are more severely affected in cutaneous tissue. 
The increase in blood flow during increase in transmural pres-
sure cannot be explained by a decreased compliance of vascular 
wall or extravascular tissue, which would tend to keep blood 
flow constant [16]. The results also indicated that defective 
autoregulation was present quite early in the course of the 
disease, although 2 patients, who had retained some function, 
had a disease of short duration and were only slightly affected 
on the dorsum of the hand. In 1 of these patients, the effect of 
elevation was studied (see Results). In this patient, 133Xenon 
wash-out rate remained constant during elevation, indicating 
that normal intrinsic vascular reactions underlying the autoreg-
ulatory response can be demonstrated at this clinically very 
early stage of the disease. 
The fmdings correspond to the results obtained for subcuta-
neous tissue in arteriosclerotic legs of patients with resting 
pains [17] and imply that the vessels behave as passive elastic 
tubes (i.e., blood flow depends mainly on arterial perfusion 
pressure head [18]). 
The "vasoconstrictor response" and the intrinsic vascular 
reactions, which increase the pre- to postcapillary resistance 
ratio, counteract an increase in capillary hydrostatic pressure 
during lowering and thereby act as edema protecting factors. 
Thus, the fmdings imply that affected cutaneous tissue in 
generalized scleroderma is more susceptible to edema formation 
due to increase in arterial and venous transmural blood pres-
sures. An edematous phase usually initiates the disease [6]. The 
influence of tissue water on connective tissue regeneration has 
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been studied in experimental edemas [19]. Edema was quickly 
organized by water binding acid mucopolysaccharides into a 
mucinous edema [20]. If this edema persists, a collagen depo-
sition will take place, a fibrous organization, which is well 
known in, e.g., chronic stasis edemas [19]. The possibility exists 
that abnormal local blood flow regulation, as observed in the 
present paper, may add to the disease process. 
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